Introduction
A diagnosis of dementia is based on careful assessment of both cognition and behaviour. The Cambridge Examination for Mental Disorders of the Elderly (CAMDEX) has been developed especially to evaluate the presence, type and severity of dementia. The instrument was developed in the United Kingdom [1, 2] and has been widely used since then. The CAMDEX consists of three main sections: a structured interview with the patient, a cognitive test battery, and a structured interview with a relative or other informant.
The cognitive part of the CAMDEX, the Cambridge Cognitive Examination (CAMCOG), evaluates a broad range of cognitive functions. Because the various items of the CAMCOG assess cognitive functions at varying grades of difWculty, one of its major advantages is the ability to detect mild forms of cognitive impairment. A high test-retest reliability has been reported as well as the absence of ceiling effects in test performance [3, 4] .
Since its introduction in 1986, the CAMDEX has been translated for use in many countries. Each country however, has made its own translation, without regard to comparability or harmonisation. Harmonisation requires attention to linguistic aspects of the translation, cultural differences between countries in the meaning of individual items, and comparability in the psychometric properties of the scales [5] . Because of the lack of standardisation and harmonisation, the comparability of CAMDEX data collected across different language domains, has until now been difWcult to establish.
The advent of the revised CAMDEX -CAMDEX-R [6] provided an ideal opportunity to create harmonised measures. A joint effort has been made at the European level to achieve harmonisation of the CAMDEX-R. The European Harmonisation Project for Instruments in Dementia (EURO-HARPID), which was Wnanced by the European Commission, aimed to develop transnational and psychometrically appropriate versions of commonly used instruments in geriatric psychiatry. The EURO-HARPID project consisted of three phases: (i) an inventory of similarities and differences between the versions of the instruments under study that were already used in the participating countries; (ii) the creation of harmonised versions for each language domain, and (iii) evaluation of these harmonised versions in a concerted action.
In this article we present the Wnal results of the harmonisation of the CAMCOG-R, the cognitive examination section of CAMDEX-R.
Methods

Centres
The EURO-HARPID working group consisted of a co-operation of members of eight European centres [7, 8] . For validation of the national versions of CAMDEX, participating members were selected on the basis of their scientiWc interest, psychometric expertise, and access to patients with dementia in their centres. The eight centres were located in Belgium, France, Germany, Italy, The Netherlands, Spain, Sweden and the UK. The French centre took part in some aspects of harmonisation but not in the harmonisation of the CAMDEX, so is not referred to further. The University of Maastricht (The Netherlands) co-ordinated and supervised the project.
Procedure
During the preparation phase, translated versions of the CAMDEX per site were collected, and compared with respect to differences and incongruencies in wording and materials (including a picture booklet). All participants of EURO-HARPID gathered twice, once in Maastricht and once in Amsterdam. At these meetings, the aim and the procedures of the project were explained, and a general protocol for standardisation of the instructions, materials and scoring rules was proposed and thoroughly discussed. The original CAMDEX, published in 1986, had been revised recently by the original authors [6] . This revised version includes several important improvements in the cognitive section, CAMCOG-R. Two items assessing executive functions were added and a few items were omitted. It was decided to implement the revised version of the CAMDEX (CAMDEX-R) in the study.
In the adaptation phase, each centre compared their translation of the CAMDEX with the CAMDEX-R and added translations of the new items. After comparison of these translated versions, the cultural appropriateness of items in each country was discussed. According to these new insights, differences in translations were adapted properly and in a uniform manner. In addition, the separate items of the Nurse Observation Scale for Geriatrics (NOSGER) [9] and Mini-Mental State Examination (MMSE) [10] , which were used to assess the validity of the CAMCOG-R, were also discussed in order to ensure that they reXect the same content transnationally (see instruments section).
During the evaluation phase each of the seven European centres aimed to administer the harmonised EURO-HARPID version of the CAMDEX-R to at least 40 patients with possible or probable Alzheimer' s disease, which resulted in a study population of 283 patients.
Data collection
Patients with a clinical diagnosis of mild or moderate Alzheimer' s disease according to DSM criteria (American Psychiatric Association, 1994), and cognitive deterioration congruent with possible or probable Alzheimer' s disease [11] , were included in the study. Patients were recruited from memory clinics, geriatric or psychiatric wards, and mental health departments. Patients with a MMSE score < 10 were excluded, as were patients in nursing homes. They had to be representative for their site with regard to educational background, and between 65 and 85 years old at the time of testing. Furthermore, patients had to be able to co-operate during the assessment, to understand the tasks to a sufWcient level, and to speak the language of their site. Assessments were administered by research physicians, (neuro)psychologists, psychiatrists, geriatricians, and their research assistants. All patients gave their informed consent, according to the guidelines of the local ethical committees.
Data collection was co-ordinated by the University of Maastricht. To this end, each site received case record forms to send their data back to the study co-ordinator at Maastricht University. Data were processed using the SPSS 9.0 software package.
Instruments
CAMCOG-R
CAMCOG-R can be divided into 10 different sub-dimensions, each covering a speciWc cognitive domain: orientation, language (comprehension and expression), memory (recent, remote, and new learning), attention/calculation, praxis, abstract thinking, and perception. Total scores on the CAMCOG-R range between 0 (severe cognitive impairment) and 105 (no cognitive impairment).
To enhance the assessment of executive function, two additional items measuring mental Xexibility have been added in CAMCOG-R. Based on combined scores of the verbal item ' ideational Xuency' , the non-verbal item ' visual reasoning' , and two items from the original CAMCOG, the verbal Xuency item (naming animals) and the ' abstract reasoning' item, a separate executive function score can be derived. Performance on these two new items does not, however, contribute to the total CAMCOG-R score.
NOSGER
To assess the validity of the harmonised versions of CAMCOG-R, correlations with an external criterion were determined. The NOSGER [9] was chosen for this purpose, as this rating scale covers a wide range of behaviour relevant to daily functioning independent of gender or social status of the individual assessed. Moreover, translations made by professional translators and checked by retranslating into the original German (personal communication in writing from R. Spiegel) were available in all participating countries. In addition, the subscales Memory and Instrumental Activities of Daily Living (IADL) from the NOSGER were considered suitable as indicators with relatively less lingual bias compared to cognitive testing, due to their observational character. The NOSGER measures impairments in six areas: memory, IADL, mood, social behaviour and disturbing behaviour. Previous research has shown a high inter-rater and test-retest reliability [12] .
MMSE
The MMSE [10] is a cognitive screening designed to assess orientation to place and time, memory, attention, language, concentration, visuospatial skills, and praxis. The scale is used worldwide, and translations were available in all participating countries. It is a 30-point scale; decreased scores are associated with dementia. The MMSE is also incorporated in the CAMCOG-R.
Statistical analysis
The analysis of the EURO-HARPID data had two objectives: (i) to detect signiWcant transnational differences between versions of the CAMCOG-R, and (ii) to determine the validity of the separate versions.
Descriptive statistics and chi-square tests on background variables were performed to assess the effects of demographic characteristics within and between the participating countries. These tests included the potential confounding variables sex, age and education. Age was recorded in two categories (subjects ≤ 75 years and subjects > 75 years). Education was recorded in three categories, referring to the age that patients left school: (1) left school at age ≤ 12 years, (2) left school between 12-18 years and (3) left school after age 18. These tests also examined the interaction of age and sex, age and education, and sex and education. Due to the relatively small numbers of subjects (< 5) that occurred cell-wise for the Pearson chi-statistic, all results were conWrmed with the Fisher exact test.
To determine if signiWcant score differences were present between the different harmonised versions, ANCOVA-analysis was performed. In ANCOVA, prior to the test on the means, the observed means are adjusted through a regression analysis on the confounders/ covariates. Hereby, the effect of these potential confounders is eliminated from the analysis. Relevant demographic characteristics (age, sex, and education) and characteristics related to the nature (probable/possible AD) and severity of the dementia (mild/moderate dementia, MMSE, memory and IADL score from the NOSGER) were introduced as covariates. Analysis was performed for the total CAMCOG-R score, as well as for the 10 sub-dimensions.
To investigate the relation between CAMCOG-R and MMSE, the CAMCOG-R score was correlated with the MMSE score. Since most MMSE items contribute to the CAMCOG-R score, the correlation was calculated based on CAMCOG-R score minus the shared MMSE items.
Associations between the harmonised versions of total CAMCOG-R and its major subscales and the NOSGER memory and IADL-scales were determined. Correlations were controlled for age and educational differences between countries.
Results
Descriptive statistics
Sixty-three per cent of patients were female, 61% were currently married or living with a partner, 33% were widowed or divorced (2%) and 4% had never been married. Approximately 60% were living in their own home with a spouse or others, 18% lived alone in their own home, 7.5% lived in the home of a family member, and the rest resided in assisted living settings.
Each centre provided data on at least 40 patients, which resulted in a population of 283 subjects. In total, 105 male and 178 female patients with a mean MMSE score of 19.4 ±4.4 (95% CI 18.86-19.96) were available for analysis. Mean age was 75.4 ±5.9 (95% CI 74.73-76.13) years. The vast majority of patients (87.4%) had been diagnosed with probable Alzheimer' s disease. Patients were equally distributed between mild and moderate dementia (according to criteria for severity of dementia from DSM-III-R). Descriptive characteristics for each individual country are presented in Table 1 .
Mean duration of administration of CAMCOG-R was 59 minutes (SD 18.4), with a range between 30 and 150 minutes. As CAMCOG-R scores ranged between 24 and 99, with a mean score of 58.4 (±15.9), no evidence was found for Xoor-or ceiling effects in this sample.
Test on background effects
To determine whether effects from demographic characteristics existed between countries, tests were performed on the overall and country level. These tests included the potential confounding variables sex, age and education. SigniWcant effects were found for age (chi = 16.5, df = 6, P = 0.011) and education (chi = 97.69, df = 12, P < 0.001). The Wrst effect indicated that the distribution of age was somewhat different between countries. The mean age in Germany and the UK deviated more from the overall mean than in other countries. The second effect showed that differences in the education of the subjects between countries existed. These differences were caused by the over-representation of subjects with only primary education in Italy and the Netherlands, and the relatively overrepresentation of higher educated subjects in Spain. Within countries no signiWcant effects from demographic characteristics could be found.
Results of CAMCOG-R analysis
ANCOVA-analysis was performed with relevant demographic characteristics (age, sex, and education) and characteristics related to the nature (probable/possible AD) and severity of the dementia (mild/moderate dementia, MMSE, memory, and IADL). The ANCOVA analyses for the total CAMCOG score and the 10 sub-dimension scores indicated several signiWcant differences between countries (Tables 2 and 3 ). For the CAMCOG-R score a signiWcant difference (F = 9.43, P < 0.001) was found for the adjusted means given in Table 3 . The largest absolute deviations from the overall mean were observed in patients from Spain (-4.93) and the UK ( + 6.26). To interpret the relative sizes of these deviations, the range of the CAMCOG-R (0-105) and the standard deviation of the overall mean (15.87) have to be taken into account. The majority of the deviations are about 1/3 of a standard deviation, which indicates that the differences are relatively small.
Correlations were determined between CAMCOG-R scores and MMSE-scores. Controlling for the effects of sex, age and education, this correlation between CAMCOG-R and MMSE was high (r = 0.77, P < 0.001). Correlations across countries ranged between r = 0.67 (Sweden) and r = 0.88 (The Netherlands); all correlations were signiWcant at the P < 0.001 level. In order to investigate what factors were involved in this range of variances, a regression analysis was carried out, in which severity of dementia (Mild/moderate), functioning (IADL sub-score of the NOSGER), age and country were included in the model as predictors of the CAMCOG-R score. After having removed one outlier (Cook' s distance = 0.125) only severity of dementia and NOSGER IADL appeared to be signiWcant predictors (see Table 4 ). In order to quantify the contribution in explaining the variance, an analysis entering these variables block-wise in the model was carried out both with and without the variable ' countries' . This revealed similar R squares (0.470 and 0.471 without and with ' countries' respectively), indicating that the variable ' country' did not contribute to the variance explained in the model. Adjusted means and standard deviations for total CAMCOG-R scores and for sub-dimensions of the CAMCOG-R are given by country in Table 2 . Patients from Spain obtained the lowest scores on the CAMCOG-R sub-dimensions language comprehension, attention/calculation, and abstract thinking. Compared to the other countries, patients from the UK obtained the highest scores on 8 of the 10 CAMCOG-R sub-domains, except on recent memory and attention/calculation (see Table 2 ).
The ANCOVA analysis performed for the CAMCOG-R sub-dimensions ( Table 5 ), indicated that signiWcant score differences between countries existed for 8 of the 10 sub-dimensions. As with the total CAMCOG-R score, range and standard deviation of the sub-dimension scores have to be considered to obtain an impression of the relevance of the score differences. For the sub-dimensions the deviations from the respective overall means were generally smaller than 1/3 to 1/2 of the standard deviation, which indicated relatively small score differences. Based on the existing items (verbal Xuency and similarities), and the new items in CAMCOG-R (ideational Xuency and visual reasoning), an executive function score was obtained for each country (included in Table 2) , as well as a mean overall score. The executive function score has a possible range between 0 and 28. Mean executive function score in our sample was 10.3, with a standard deviation of 4.6 and a score range between 2 and 25.
Assessment of concurrent validity
To assess the concurrent validity of the harmonised version of the CAMCOG-R, the (Pearson) correlations to the NOSGER-memory and NOSGER-IADL subscales as external criterion were determined. The performance on the NOSGER memory and IADL scales was also compared with each of the major CAMCOG-R subscales ( Table 6 ). The subscales Memory and IADL from the NOSGER were considered suitable as indicators that are, due to their observational character, relatively free of cultural or lingual bias. These subscales also provide relatively unbiased behavioural ratings of the subject' s cognitive state.
We focussed on the similarity of the correlations of each version to the external criterion, which provides a sufWcient impression about the validity of the separate harmonised versions. Correlations were controlled for age, sex, severity of dementia, and educational differences between countries. The correlation of the CAMCOG-R with the memory and IADL scales of the NOSGER suggested that the relation between the two instruments is moderate in size. The correlations for the IADL scale are generally higher than the corresponding correlations with the memory scale. All correlations are in the same direction. The correlations of the German version were particularly high, and the correlations of the Italian version were particularly low, probably caused by the relatively small sample sizes. It can be concluded that the consistencies in the patterns of the correlations indicate similar consistent relations to the external criteria and therefore similar objects of measurement. Finally, Pearson' s correlations were determined to compare performance on the NOSGER memory and IADL scales with each of the CAMCOG-R subscales. Correlations between these two measures showed a consistent pattern, were all signiWcant at the P < 0.001 level, and pointed in the same direction (Table 7) .
Discussion
The EURO-HARPID project has yielded national versions of the CAMCOG-R that enable a reliable comparison and pooling of data transnationally. In harmonising the CAMCOG-R, the EURO-HARPID working group has paid attention to problems that frequently occur when using translated versions of different scales [5] . The cultural and linguistic differences between countries have been thoroughly discussed, and as a consequence, adaptations have been made. The issue of validation in one population with different instruments is not ideal. There is currently no gold standard against which one should check the validity of a cognitive test. In this study the NOSGER was chosen as an external criterion because the scale was widely available and independent of gender or social status [9] . However, there are various other possibilities to check the validity of cognitive tests. A way which is often used is to compare a new test with an older one i.e. in this case to compare the CAMCOG-R with the MMSE. This was previously done [3, 13] and showed both a high correlation between the two measures (even when overlapping items were excluded) and more importantly, showed that subjects who reached ceiling effects on the MMSE did not hit the ceiling on the CAMCOG. The CAMCOG could therefore be said to be a good measure of mild degrees of cognitive impairment [14] . Correlations between CAMCOG-R and MMSE in our study were also highly signiWcant in all countries, which is an additional indication of psychometric equivalence. Another form of validation is to see whether test scores are related to the severity of dementia. This was established by Huppert et al. [4] and showed that the CAMCOG-R total score and the scores on each of the seven subscales differentiated signiWcantly between non-demented individuals and those with mild dementia. It also showed that the CAMCOG-R total score and most of the subscales differentiated signiWcantly between mild and moderate dementia.
The comparison of the CAMCOG-R scores in this EURO-HARPID study indicated that statistical signiWcant differences between countries exist. Generally these differences were small and clinically not relevant. They did not automatically imply that the harmonisation was insufWcient. Other sources might cause these differences, like test instruction or effects from the test administrator. The project did not include a plenary training of all persons who actually administered the CAMCOG-R, and although the instruction and scoring procedures were amply discussed in the two meetings, this may have resulted in an extra source of variance. However, the correlations to external criteria indicated that the objects of measurement of the separate versions are quite similar. Additional support for this conclusion is provided by the fact that the initial content of the CAMCOG-R has not been changed in the harmonisation process.
The most important result of the EURO-HARPID project is that a transnationally harmonised version of a widely used instrument for the diagnosis and assessment of dementia is now available in most of the Western European countries.
Key points
• Transnational and psychometrically appropriate versions of instruments used in the diagnosis of dementia are essential for comparing information between different countries.
• Only small differences between the various CAMCOG-R versions were found, and patterns of correlation between CAMCOG-R and the NOSGER were consistent.
• The EURO-HARPID Wndings indicate that the harmonisation of the CAMCOG-R was successful.
